fractions or upper limits on the branching fractions of ψ(2S) decays into γpp, γ2(π + π − ), 
I. INTRODUCTION
Besides the conventional meson and baryon states, QCD (Quantum Chromodynamics) also predicts a rich spectrum of so-called QCD exotics, among them glueballs (gg), hybrids (qqg), and four-quark states () in the 1.0 to 2.5 GeV/c 2 mass region. Therefore, the search for evidence of these exotic states plays an important role in testing QCD. Radiative decays of quarkonium are expected to be a good place to look for glueballs, and there have been many studies performed in J/ψ radiative decays [1, 2] , while such studies have been limited in ψ(2S) radiative decays due to low statistics in previous experiments [2, 3] . Radiative decays of ψ(2S) to light hadrons are expected at about 1% of its total decay width [4] . However, the previously measured channels only sum up to 0.05% [3] .
In this paper we present measurements of ψ(2S) decays into γpp, γ2(π + π − ), γK [5] ; this paper provides more detailed information.
II. BES DETECTOR
BES is a conventional solenoidal magnetic detector that is described in detail in Refs. [6, 7] . A 12-layer vertex chamber (VTC) surrounding the beam pipe provides trigger and track information. A forty-layer main drift chamber (MDC), located radially outside the VTC, provides trajectory and energy loss (dE/dx) information for charged tracks over 85% of the total solid angle. The momentum resolution is σ p /p = 1.78% 1 + p 2 (p in GeV/c), and the dE/dx resolution for hadron tracks is ∼ 8%. An array of 48 scintillation counters surrounding the MDC measures the time-of-flight (TOF) of charged tracks with a resolution of ∼ 200 ps for hadrons. Radially outside the TOF system is a 12 radiation length, lead-gas barrel shower counter (BSC). This measures the energies of electrons and photons over ∼ 80% of the total solid angle with an energy resolution of σ E /E = 21%/ √ E (E in GeV). Outside of the solenoidal coil, which provides a 0.4 Tesla magnetic field over the tracking volume, is an iron flux return that is instrumented with three double layers of counters that identify muons of momentum greater than 0.5 GeV/c. The data sample used in this analysis was taken with the BESII detector at the BEPC storage ring at an energy of √ s = 3.686 GeV. The number of ψ(2S) events is (14.0 ± 0.6) × 10 6 , determined from inclusive hadronic events [8] , and corresponds to a luminosity of L 3.686 = (19.72 ± 0.86) pb −1 [9] , measured with large angle Bhabha events. Continuum data, used for background studies, were taken at √ s = 3.650 GeV with a luminosity of L 3.650 = (6.42 ± 0.24) pb −1 [9] . The ratio of the two luminosities is L 3.686 /L 3.650 = 3.07 ± 0.09.
Monte Carlo (MC) simulations are used for the determination of mass resolutions and detection efficiencies, as well as background studies. The simulation of the BESII detector is GEANT3 based, where the interactions of particles with the detector material are simulated. Reasonable agreement between data and Monte Carlo simulation is observed [10] in various channels such as e + e − → (γ)e + e − , e + e − → (γ)µ + µ − , J/ψ → pp and ψ(2S) → π + π − J/ψ, J/ψ → ℓ + ℓ − (ℓ = e, µ). An inclusive ψ(2S) decay MC sample of the same size as the ψ(2S) sample is generated by LUNDCHARM [11] and used to estimate backgrounds,
III. EVENT SELECTION
A neutral cluster is taken as a photon candidate when the following conditions are satisfied: the energy deposited in the BSC is greater than 50 MeV; the first hit is in the beginning six radiation lengths; the angle between the cluster and the nearest charged track is greater than 15
• ; and the difference between the angle of the cluster development direction in the BSC and the photon emission direction is less than 37
• . Each charged track is required to be well fitted to a three-dimensional helix, be in the polar angle region | cos θ| < 0.8 in the MDC, and have a transverse momentum greater than 70 MeV/c. The particle identification chi-squared, χ 2 P ID (i), is calculated based on the dE/dx and TOF measurements with the following definition
For all analyzed decay channels, the final states of the candidate events must have the correct number of charged tracks with net charge zero.
If there is more than one photon candidate in an event, the candidate with the largest energy deposit in the BSC is taken as the radiative photon in the event, and a four-constraint kinematic fit (4C-fit) is performed.
The combined confidence level, For each decay mode, m hs is required to be less than 2.9 GeV/c 2 to exclude ψ(2S) radiative transitions into other charmonium states, such as χ cJ , J/ψ, and η c . To remove background from charged particle misidentification, the value of χ 2 comb for ψ(2S) → γ + hs is required to be less than those for ψ(2S) decays into background channels γ + hs ′ , where hs ′ has the same number of charged tracks as hs, but different particle types for the charged tracks. If there is potential background from ψ(2S) → π + π − J/ψ, it is largely suppressed by applying
recoil is the mass recoiling from each possible π + π − pair. Possible background from ψ(2S) → K 0 S + X is removed by requiring that the invariant mass of
IV. BACKGROUNDS AND FITTING PROCEDURE
In our analyses, the backgrounds for each ψ(2S) → γ + hs decay mode fall into three classes: (1) continuum background, estimated using the continuum data; (2) multi-photon backgrounds, e.g. ψ(2S) → π 0 + hadrons, 3γ +hadrons, etc., where hadrons have the same charged tracks as the signal final state, estimated with MC simulation and normalized according to their branching fractions; and (3) other backgrounds, estimated using an inclusive ψ(2S) MC sample of 14 million events [11] . Multiphoton backgrounds are dominant; continuum background and other backgrounds including contamination between the channels studied are lower. The observed χ 2 4C distributions include both signal events and all of these backgrounds.
The number of signal events for most radiative decay channels is extracted by fitting the observed χ 2 4C distributions with those of the signal and background channels [12] , i.e. χ bg , where w s and w bi are the weights of the signal and the background decays, respectively. As an example, Fig. 1 shows the observed χ 2 distribution for ψ(2S) → γ2(π + π − ), together with the χ 2 distributions for the signal, multi-photon, continuum, and other background channels, as well as the final fit. In the fit, the weights of the multi-photon backgrounds and the continuum backgrounds (w b ) are fixed to be the normalization factors, but the weights of the signal (w s ) and the other backgrounds (w b ) are free. With this method, the number of signal events is extracted for each radiative decay mode for m hs < 2.9 GeV/c 2 . 
V. EVENT ANALYSIS

A. ψ(2S) → γpp
The major backgrounds to ψ(2S) → γpp come from the channels ψ(2S) → π 0 π 0 pp, γπ 0 pp, and π 0 pp. In order to estimate these backgrounds, we first measure their branching fractions.
Background estimation
For ψ(2S) → π 0 π 0 pp, candidate events must have two charged tracks and four good photons. To reject background from ψ(2S) → π 0 π 0 J/ψ, J/ψ → pp events, the pp invariant mass is required to satisfy |m pp − m J/ψ | > 0.1 GeV/c 2 . Figure 2 (a) shows the scatter plot of γ 1 γ 2 versus γ 3 γ 4 invariant mass for events after selection, where γ 1 γ 2 and γ 3 γ 4 are formed from all possible combinations of the four photon candidates. The cluster of events shows a clear π 0 π 0 pair signal. Figure 2 (b) shows the γ 1 γ 2 invariant mass after requiring the other two photons be consistent with being a π 0 (|m γ3γ4 − m π o | < 0.03 GeV/c 2 ). A fit to the peak is performed with a double Gaussian function, where the parameters are determined from MC simulation, plus a second order polynomial to describe the smooth background. The number of events in the peak determined from the fit is 254 ± 24, and the background contamination to the peak is estimated to be 51±11 from the m γ3γ4 No significant resonance is observed in the mass distributions of any possible combination of particles in this final state, indicating no significant intermediate processes in the observed ψ(2S) → π 0 π 0 pp candidate events. Therefore the detection efficiency for ψ(2S) → π 0 π 0 pp is determined to be 8.3% using a phase space generator, and the branching fraction is determined to be
where the error is statistical. For ψ(2S) → γπ 0 pp, candidate events must have two charged tracks and three good photons. To reject background from ψ(2S) → π 0 π 0 J/ψ, J/ψ → pp events, the pp invariant mass is required to satisfy |m pp − m J/ψ | > 0.1 GeV/c 2 . Figure 3 (a) shows the γγ invariant mass distribution for ψ(2S) → γγγpp candidate events, where γγ is any possible combination among the three photon candidates. There is a clear π 0 signal. The distribution is fitted with a double Gaussian function with parameters determined from MC simulation plus a second order polynomial for the background. The number of events determined from the fit is 345 ± 33.
Background studies indicate that the main contamination to the π 0 signal comes from ψ(2S) → π 0 π 0 pp and π 0 pp; other backgrounds only contribute a smooth background. All possible backgrounds, including continuum, known simulated backgrounds (ψ(2S) → π 0 π 0 pp and π 0 pp), and other unknown backgrounds estimated from the ψ(2S) inclusive MC sample, are combined in Fig. 3 (b) . Fitting this distribution in the same way as in Fig. 3 (a) , the number of peaking background events is estimated to be 219 ± 18.
Just as for ψ(2S) → π 0 π 0 pp, no significant intermediate process is observed in ψ(2S) → γπ 0 pp. The efficiency is determined to be 8.94% with a phase space generator, and the branching fraction is calculated to be
where the error is statistical. For ψ(2S) → π 0 pp, there is an earlier measurement from BESII [13] . We reanalyze this channel in the same way, and then extract the m pp distribution and estimate its contamination to ψ(2S) → γpp.
Candidate events are required to have two charged tracks and two good photons. The probability of the 4C-fit must be greater than 1%, and the probability of the 4C-fit for the ψ(2S) → γγpp hypothesis must be greater than that for ψ(2S) → γγK + K − . To reject background from ψ(2S) → π 0 π 0 J/ψ, J/ψ → pp events, the invariant mass of pp is required to be: |m pp −m J/ψ | > 0.02 GeV/c 2 . A fit to the m γγ distribution is performed with a double Gaussian function with parameters determined from MC simulation plus a second order polynomial for the background for ψ(2S) → γγpp candidate events. The number of events determined from the fit is 266 ± 20, and the detection efficiency is 14.8%. The branching fraction is determined to be:
where the error is statistical. This measurement agrees well with the previous BESII result of (13.2 ± 1.0 ± 1.5) × 10 −6 [13] .
Signal Analysis
For ψ(2S) → γpp, 329 events are observed after the event selection described in Section III; the pp invariant mass distribution is shown in Fig. 4 . After subtracting the normalized major backgrounds, ψ(2S) → π 0 π 0 pp, γπ 0 pp, and π 0 pp, the number of signal events is 142 ± 18. The detection efficiency determined from MC simulation is 35.3%, and the branching fraction for this process is determined to be:
where the error is statistical.
There is an excess of events between pp threshold and 2.5 GeV/c 2 , but no significant narrow structure due to the X(1859), that was observed in J/ψ → γpp [14] . A fit to the mass spectrum (see Fig. 5 ) with an acceptanceweighted S-wave Breit-Wigner for the X resonance (with mass and width fixed to 1859 MeV/c 2 and 30 MeV/c 2 , respectively), together with the normalized MC histograms for the above measured background channels (ψ(2S) → π 0 π 0 pp, γπ 0 pp, and π 0 pp) and the histogram from ψ(2S) → γpp phase space [15] , yields 11.7 ± 6.7 events with a statistical significance of 2.0 σ. The upper limit on the branching fraction is determined to be
at the 90% C.L. The fit to the mp p − 2mp distribution of ψ(2S) → γpp candidate events. The solid histogram is the fit result, the lower dashed line is the X resonance shape, the dashdotted histogram is the shape for ψ(2S) → γpp phase-space, the dotted histogram is the measured background channels (ψ(2S) → π 0 π 0 pp, γπ 0 pp, and π 0 pp), and the top dashed line is the efficiency curve.
Background analysis
, candidate events are required to have four charged tracks and two good photons. The probability of the 4C-fit must be greater than 1%, the χ 2 comb probability for the
, and the sum of the momentum of any π + and π − pairs must be greater than 550 MeV/c to reject contamination from ψ(2S) → π + π − J/ψ events. After the above selection, a clear π 0 signal can be seen in the γγ invariant mass distribution of ψ(2S) → 2(π + π − )γγ candidates. After subtracting backgrounds,
, in the γγ invariant mass spectrum, the distribution is fitted with a π 0 signal shape determined with MC simulation plus a second order polynomial for the other remaining backgrounds, and the number of π 0 signal events is 2173 ± 53. The detection efficiency is determined to be 6.32% taking into consideration the significant intermediate states such as ωπ + π − , ωf 2 (1270), and b
2 . The fit is performed with an ω signal shape plus a second order polynomial for the background, and the number of ω signal events obtained is 386 ± 23. The efficiency determined from MC simulation is 3.74% correcting for intermediate states, such as ωf 2 (1270) and b
Figure 6 (c) shows the distribution of π + π − invariant mass recoiling against the ω, selected with the require-
The invariant mass spectrum is fitted with a σ, a f 2 (1270) shape determined from MC simulation, and a second order polynomial to describe other backgrounds. The number of f 2 (1270) events obtained is 57 ± 13, and the detection efficiency determined from MC simulation is 3.65%.
Figure 6 (d) shows the ωπ ± invariant mass spectrum with the requirement |m
Fitting with a b 1 signal shape with the mass and width fixed to PDG values plus a background polynomial, the number of b ± 1 signal events is 202 ± 21, and the detection efficiency determined from MC simulation is 3.24%. The branching fractions of these processes are determined to be:
where the errors are statistical. 
Signal analysis
For ψ(2S) → γ2(π + π − ), candidate events require four charged tracks, and each track must be identified as a pion. The background from ψ(2S) → π + π − J/ψ is rejected by requiring |m
2 . After selection, 1697 candidates remain, and the 2(π + π − ) invariant mass distribution for the candidate events is shown in Fig. 7 . The backgrounds include contributions from the continuum (estimated from the data sample at
, and the other unknown backgrounds assuming that they have the same shape as that obtained from the inclusive ψ(2S) MC sample.
Using the χ 2 fitting method of Section IV, the number of signal events is 583±41. The detection efficiency determined from MC simulation is 10.4%, and the branching fraction for this process is determined to be:
where the error is statistical. 
After requiring |m
2 , the γγ invariant mass is shown in Fig. 9 (a) , and a clear π 0 signal is seen. After requiring |m γγ − m π o | < 0.03 GeV/c 2 , the π ± π 0 invariant mass is shown in Fig. 9  (b) , where there is a clear ρ ± signal.
The γγ invariant mass distribution is fitted with a π 0 signal shape determined with MC simulation plus a second order polynomial for the background, and the result is shown in Fig. 9 (a) . The number of π 0 signal events fitted is 361 ± 25, and the efficiency determined from MC simulation is 4.40%, including the effect of the intermediate
0 invariant mass distribution is fitted with a ρ ± signal shape determined with MC simulation plus a second order polynomial for the background, and the fit result is shown in Fig. 9 (b) . The number of ρ ± signal events is 100±20, and the detection efficiency is 3.80% determined from MC simulation. The branching fractions of these two processes are determined to be
Dots with error bars are data, the histograms are the fits using signal shapes determined from Monte Carlo simulation and second order polynomials for background, and the dashed curves are the background shapes from the fit.
Signal analysis
The event selection is similar to ψ(2S)
., but only one photon is required. After event selection, the π + π − invariant mass distribution is shown in Fig. 10 . A fit is performed with a histogram describing the K 0 S shape obtained from MC simulation, the normalized histogram for ψ(2S)
. background, and a Legendre polynomial for the other smooth backgrounds. The fit yields 115 ± 16 events. The detection efficiency is 4.83%, and the branching fraction is determined to be:
where the error is statistical. Figure 11 shows the
candidate events require four charged tracks, among which two tracks must be identified as pions and the other two tracks identified as kaons. The background from ψ(2S) → π + π − J/ψ is rejected by requiring |m
2 , the background from ψ(2S) → γ2(π + π − ) is rejected by requiring χ Using the χ 2 fitting method of Section IV, the number of signal events is 132±19. The detection efficiency determined from MC simulation is 4.94%, and the branching fraction for this process is determined to be:
We apply the same event selection criteria as for
For this decay channel, the main background channels are from ψ(2S) →
c.c., and ψ(2S) → K * 0 K * 0 π 0 . 
dots with error bars). The shaded histogram is background which mainly comes from ψ(2S)
Using a Breit-Wigner function to describe the signal along with the sum of normalized histograms from the
, and ψ(2S) → K * 0 K * 0 π 0 background channels, and a second order Legendre polynomial to describe other remaining backgrounds to fit the K ± π ∓ invariant mass spectrum, 237 ± 39 ψ(2S) → γK The scatter plot of
is shown in Fig. 14 2 away from the signal box. Background in the horizontal or vertical sideband boxes is twice that in the signal region. If we subtract half the number of events in the horizontal and vertical sideband boxes, we double count the phase space background. Therefore the background is one-half the number of events in the horizontal and vertical boxes plus one fourth the number of the events in the four corner boxes. After subtraction, 41 ± 8 ψ(2S) → γK * 0 K * 0 candidates are obtained, and the efficiency is (2.75 ± 0.06)%. In simulating signal channels containing K * , the shape of K * is described by a P-wave relativistic Breit-Wigner, with a width
where m is the mass of the Kπ system, p is the momentum of the kaon in the Kπ system, Γ 0 is the width of the resonance, m 0 is the mass of the resonance, p 0 is the momentum evaluated at the resonance mass, r is the interaction radius, and Taking into consideration the effect of the intermediate channel, ψ(2S) → γK * 0K * 0 , the efficiency for ψ(2S) → γK * K − π + + c.c. is 6.86%, and we obtain the branching fractions:
where the errors are statistical.
, the candidate events must have four charged tracks, and every track must be identified as a kaon. The backgrounds from ψ(2S)
for the signal channel to be less than those for backgrounds. There are 15 events observed after event selection, and the 2(K + K − ) invariant mass distribution is shown in Fig. 15 . The detection efficiency for this channel is 2.93%. 
candidates (dots with error bars). The shaded histograms is background mainly from ψ(2S)
The dominant background comes from ψ(2S) → π 0 2(K + K − ). Using the branching fraction measured by CLEO [17] , the estimated number of background events remaining is 8 ± 2. To measure the continuum contribution in this channel, the continuum data at E cm = 3.65 GeV is analyzed using the same criteria as for ψ(2S) data, and no events survive. It is also found that no events survive from the simulated 14 million inclusive ψ(2S) decay MC sample. The upper limit on the number of ψ(2S) → γ2(K + K − ) events is 14 at the 90% C.L., and the corresponding upper limit on the branching fraction after considering systematic uncertainties is
For ψ(2S) → γπ + π − pp, there must be four good charged tracks, and two of them must be identified as a proton anti-proton pair. The backgrounds from γ2(π + π − ) and γπ + π − K + K − are rejected by requiring χ 2 4C for the signal channel to be less than for the background channels. To eliminate possible contamination from ψ(2S) → π + π − J/ψ, J/ψ → γpp, we require Figure 16 shows the π + π − pp invariant mass distribution with 55 events after event selection. The detection efficiency for this channel is 4.47%. The dominant backgrounds are ψ(2S) → π 0 π + π − pp and background remaining from ψ(2S) → π + π − J/ψ, J/ψ → γpp. The detection efficiencies for these two background channels are determined by MC simulation to be 0.35% and 0.18%, respectively. For the first background channel, using B(ψ(2S) → π 0 π + π − pp) measured by CLEO [17] , the number of background events remaining is estimated to be 35.8 ± 3.5. Similarly, the estimated number of background events from ψ(2S) → π + π − J/ψ, J/ψ → γpp is 1.7 ± 0.4. Subtracting backgrounds, the number of ψ(2S) → γπ + π − pp events is 17 ± 7, and the corresponding branching fraction is
2 or having a pion pair in the K 0 S mass region from 0.47 to 0.53 GeV/c 2 . The remaining backgrounds mainly come from processes with multi-photon final states, such as
, and π 0 π 0 3(π + π − ). Their contaminations are estimated using MC simulation. Figure 17 shows the 3(π + π − ) invariant mass distribution after event selection with 118 events observed. The detection efficiency for this channel is 1.97%. Using the χ 2 fitting method described in Section IV, the upper limit on the number of signal events is 45 at the 90 % C.L., and the upper limit on the branching fraction after considering systematic uncertainties is B(ψ(2S) → γ3(π + π − )) < 17 × 10 −5 . 
2.2 2.7 m(π
Branching fractions for these are not currently available, so they are measured using our ψ(2S) data sample.
For ψ(2S) → π 0 2(π + π − )K + K − , the number of good photons is required to be N γ = 2 or 3. A kinematic fit is performed under the ψ(2S) → γγ2(π + π − )K + K − hypothesis running over all selected photons, and the combination with the smallest χ 2 is retained. Background
is rejected by requiring |m
− are rejected by requiring the χ 2 value for the signal to be less than those for the backgrounds. To remove backgrounds from ψ(2S) → γχ cJ decays, we require m 2(π + π − )K + K − < 3.38 GeV/c 2 . Eight main peaking background channels, including ψ(2S) → ηJ/ψ, π 0 J/ψ and γχ cJ to decay into the same final states, are simulated and fitted using the same procedure and selection criteria, and 9.8 ± 4.5 background events are obtained. Using the 14 million inclusive MC sample, 14.7 ± 5.7 background events are found, which is consistent with the simulation result within the statistical error. Figure 18 shows the γγ invariant mass distribution for
A fit is performed with a π 0 signal shape determined from MC simulation plus a third order polynomial for the background, and the number of π 0 signal events is determined to be 57.4 ± 9.8. After subtracting peaking backgrounds, the number of signal events is 47.6 ± 10.8.
The detection efficiency determined from MC simulation using a phase space generator is 0.41% below
2 , and the branching fraction is determined to be:
with the requirement m 2(π + π − )K + K − < 3.38 GeV/c 2 , where the error is statistical. The effect of possible intermediate resonances is not considered. Assuming phase space production, the branching fraction extrapolated to the full m 2(π + π − )K + K − energy region is determined to be For ψ(2S) → γπ 0 2(π + π − )K + K − , the number of good photons is required to be N γ = 3 or 4.
A kinematic fit is performed under the ψ(2S) → 3γ2(π 
2 , and backgrounds from ψ(2S)
2 . We select the π 0 from the γγ combinations as the one with m γγ invariant mass closest to m π 0 . To remove backgrounds from ψ(2S) → γχ cJ decays, m π 0 2(π + π − )K + K − < 3.38 GeV/c 2 is required.
After event selection, no significant π 0 candidates are observed. A fit with a π 0 shape determined from MC simulation plus a second order Legendre polynomial for background yields 27.1 ± 8.5 events. Fitting in the same way a histogram of 20 MC simulated background modes, 21.2 ± 10.6 background events are obtained. The detection efficiency determined from MC simulation is 5.8 × 10 −4 . The upper limit on the branching fraction at the 90% C.L., determined using POLE [18] and including systematic uncertainties, is
Signal analysis
For ψ(2S) → γ2(π + π − )K + K − , six charged tracks are required, and two of them must be identified as kaons. The background from ψ(2S) → π + π − J/ψ, J/ψ → γ+ four charged particles is removed by requiring |m
2 , and the backgrounds from ψ(2S) → γ3(π
− are rejected by requiring the χ 2 values for the signal to be smaller than for the backgrounds. The background from ψ(2S) → ηJ/ψ → γ2(π
2 . Figure 19 shows the 2(π
− background channel, the branching fraction of (8.39 ± 1.91) × 10 −4 is used since the MC sample is produced with m 2(π + π − )K + K − < 3.38 GeV/c 2 . After subtracting all backgrounds, 17 events are obtained. The detection efficiency for this channel is 0.69%. The upper limit on the number of signal events is 15.5 at the 90% C.L., and the branching fraction after considering systematic uncertainties is 
dots with error bars). The shaded histogram is background mainly from
ψ(2S) → π 0 2(π + π − )K + K − and γπ 0 2(π + π − )K + K − .
VI. SYSTEMATIC ERRORS
Systematic errors on the branching fractions, listed in Table I , mainly originate from the MC statistics, the track error matrix, the kinematic fit, particle identification, the photon efficiency, the χ 2 fit method, the uncertainty of the branching fractions of intermediate states (taken from the PDG [3] ), the uncertainty of the background estimation, and the total number of ψ(2S) events.
1. The systematic error caused by the MDC tracking and the kinematic fit is estimated by using simulations with different MDC wire resolutions [10] . The systematic error ranges from 5% to 13.5% depending on the number of charged tracks in the different channels.
2. The photon detection efficiency was studied with J/ψ → π + π − π 0 events [10] , and the difference between data and MC simulation is about 2% for each photon.
3. Pure π and K samples were selected, and the particle identification efficiency was measured as a function of track momentum. On the average, a 1.3% efficiency difference per π track and a 1.0% difference per K track are observed between data and MC simulation. We take 2.0% for each charged particle identification as a conservative estimate of the systematic error.
4. In order to estimate the systematic error caused by the differences of the χ 2 distributions between data and MC simulation, we use selected samples of ψ(2S) → γχ c0 , χ c0 → K + K − π + π − and π + π − π + π − to compare the χ 2 shapes of data and MC, because these two samples have similar final states and sufficient statistics. The difference is about 3%, which is taken as the systematic error of the χ 2 fit method. We also performed an inputoutput study of the χ 2 fit, and found the difference between input and output values is very small (< 0.5%) and is neglected.
5. The background uncertainties are estimated by changing the order of the polynomial or the fitting range used. The errors on the branching fractions of the main backgrounds (ψ(2S) → π 0 + hs) have also been considered and included. The uncertainty of the background estimation varies from 1%-25% depending on the channel and background level.
The uncertainty of the total number of ψ(2S)
events is 4% [8] .
Adding up all these sources in quadrature, the total systematic errors range from 7% to 28% depending on the channel. Figure 20 shows the differential branching fractions for ψ(2S) decays into γpp, γ2(π
VII. RESULTS AND CONCLUSIONS
, and the numbers of events extracted for each decay mode with m hs < 2.9 GeV/c 2 are listed in Table II . Broad peaks, which are similar to those observed in J/ψ decays into the same final states [14, 19] , appear in the m pp and m 4π distributions at masses between 1.9 and 2.5 GeV/c 2 and 1.4 and 2.2 GeV/c 2 , respectively. Possible structure within these broad peaks cannot be resolved with the current statistics. No obvious structure is observed in other final states. The branching fractions for m hs < 2.9 GeV/c 2 in this paper sum up to 0.26% [20] of the total ψ(2S) decay width, which is about a quarter of the total expected radiative ψ(2S) decays. This indicates that a larger data sample is needed to search for more decay modes and to resolve the substructure of ψ(2S) radiative decays. Table III lists [3] and the recent measurements by the CLEO collaboration [17] . PDG is the world averaged value [3] , and Q h = B(ψ(2S) → h)/B(J/ψ → h). The branching fraction for π 0 2(π 
